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Background
Many courses offered by the College of Engineering and Computer Science (CECS) rely heavily on lectures as the primary vehicle of instruction. This is even true of courses that emphasize student project work. Many computing (CS, IS, SE, CE) students are turned off by this sterile delivery of material prior to beginning their senior capstone projects. We have noticed gaps in students' software engineering abilities when they begin their capstone projects. It is not always the case that students were not exposed to the necessary concepts in previous courses, but rather they that were not asked to apply these skills in project settings. In the past, instructors (and employers) have relied on just-in-time learning to fill in the conceptual gaps students have when they begin project work.
Several engineering educators regard experiential learning as the best way to train the next generation of engineers. This requires engineering programs to go beyond offering industrybased capstone courses and internships. It is our belief that introducing active learning opportunities prior to the senior year can improve software engineering education at the undergraduate level. We believe this will also increase the pool of new professionals with practical software engineering knowledge and skills.
The materials created for these courses were developed using a variation of the ADDIE (analyze, design, development, implementation, evaluation) process model. 1 When new materials were created the team attempted to determine the best mix of case-study review, role-play, and handson exercises involving work with software engineering artifacts or tools, and trigger videos to facilitate coverage of the topics. Many of the activities implemented in these courses have been used successfully with several groups of students. Their evolution benefited from feedback provided by students, faculty, and our industrial partners.
There is consensus among members of our department's professional advisory board that professional practice invariably requires strong verbal and written communication skills. To develop their oral communications skills, students need opportunities to both make presentations and observe their peers presenting. Some instructors believe that the project activities inherent in real-world software development encourage students to improve their written and oral communication skills 2 .
Active Learning
Active learning is "embodied in a learning environment where the teachers and students are actively engaged with the content through discussions, problem-solving, critical thinking, debate and a host of other activities that promote interaction among learners, instructors and the material". 3 Prince defines active learning as a classroom activity that requires students to do something other than listen and take notes. 4 Woods and Howard used class exercises effectively to assist Information Technology students in the study of ethical issues. 5 Day and Foley used class time exclusively for exercises, by having their students prepare themselves through the study of materials provided online. 6 Bishop and Verleger presented a comprehensive survey of the research on different ways of using class exercises using a technique that is often referred to as the "flipped" classroom. 7 Wu et.al. effectively implemented class exercises as active learning tools in their flipped classroom approach. 8 Specifically, active learning helps students develop problem-solving, critical-reasoning, and analytical skills, all of which are valuable tools that prepare students to make better decisions, become better students and, ultimately, better employees. 4 Raju and Sankar undertook a study to develop teaching methodologies that could bring real-world issues into engineering classrooms. 9 The results of their research led to recommendations for funding agencies and educators on the importance of developing interdisciplinary technical case studies that allow engineering innovations to be communicated to students in the classroom.
Engineering education must strike a balance between the knowledge of theoretical concepts and the ability to apply the theory to solve real world problems. 10 Effective teaching requires effective teaching tools. Active learning tools complement lectures and make class delivery more interesting to the learners. 11 Case studies can be used to contextualize theoretical concepts. 12 It has been shown in many studies that the benefits of case studies are derived from their interactive nature and the shifting of emphasis from teacher-centered to student-centered activities.
9, 10, 13, 14 Manohar et. al. state that case studies are effective educational tools for introducing real-world professional practices into the classroom which would help the students in identifying and solving problems, and developing a perspective on knowledge application. 15 The benefits of the case study method listed by Davis and Wilcock are that they: 12 -Allow the application of theoretical concepts to be demonstrated, thus bridging the gap between theory and practice -Encourage effective learning -Provide an opportunity for developing key skills such as communication, team work and problem solving -Increase student enjoyment of the topic and hence increase their desire to learn -Allow longer retention of the material The sources for case studies can be diverse. 16 For example case studies may be developed via undergraduate student project work, co-op experiences/summer work, senior year capstone projects, graduate (ME/MS) thesis projects and professional work with industry partners. Acharya et.al. successfully used video case studies as effective active learning tools by bringing industry case studies into the classroom. 17 In the present work, the case studies have been drawn mainly from industrial partners, large-scale government projects, and from the direct professional consulting experience of the authors.
Course Description
The junior level software engineering course, CIS 375 (Software Engineering 1), offered by the Computer and Information Science (CIS) department is organized as a four credit-hour course. This course is required of all computing majors (CIS, SE, and Digital Forensics) at the University of Michigan-Dearborn (UMD) prior to working on their capstone design projects. The capstone projects completed by our students involve working with external clients for eight months as part of a four-person team to develop software solutions to small industrial problems. The educational outcomes for Software Engineering 1 (CIS 375) appear in Table 1 .
Table 1: CIS 375 Educational Outcomes
As a result of participating in this course, the students will be able to: 1. Create a risk table for a software development project and risk information sheets for each critical or catastrophic risk 2. Create and execute a test plan for a software system, including test case creation, based on the specified requirements 3. Implement a software system that meets the needs of an external customer and that involves the creation of a significant user interface and help system 4. Make use of appropriate software engineering tools in the development of a software product 5. Manage the completion of a software project for an external customer 6. Participate in several peer design walkthroughs, including the presentation and critiquing of each other's designs during class time 7. Participate on a multi-disciplinary design team to design and implement a software project 8. Write a complete design document for a software system 9. Write a management plan for a software project that involves time and resource estimates, personnel scheduling detail, and the determination of its production costs CIS 375 meets twice a week for 2 hours each class period for 56 contact hours over a period of 4 months. The topics covered in this course are listed in Table 2 . Many of the modules used in our course were developed at Robert Morris University (RMU) as part of a three-year National Science Foundation (NSF) project. Typically, this class has been taught as a lecture only class with students presenting four milestone documents, which are required as they complete a teambased term project. In this paper, we discuss the use of the group activities that replaced most of the class time students previously spent listening to class lectures. 
Course Delivery
During the Fall 2016 semester CIS 375 was taught using a flipped classroom model. Most of the four weekly contact hours were used for engaged/experiential learning. 5% of the total student grade was allocated to class participation and 75% was allocated to term project deliverables. The remaining 20% of the student grade came from the two in-class examinations. The students worked on the team-based term project outside of the regular class meeting time.
Prior to coming to class students were expected to read the sections of the course textbook 18 assigned for class that day. The lecture slides and class handouts were available on UMD's course management system (Canvas). If students had any questions prior to class they were encouraged to email, or meet with, the instructor and/or teaching assistants during their office hours. Admittedly, many students did not read the text material prior to coming class. This lack of preparation, made it difficult to complete some exercises during class time.
Except for the days when students took examinations or made team project presentations, most 2-hour class periods followed the same pattern. The instructor spent the initial 30 minutes introducing the day's topics and activities. During most class periods students worked in small groups (3 or 4 students) to complete the day's active learning tasks. The learning tasks consisted of team building activities, software artifact construction, discussing video case studies (developed by RMU) 19 presenting good and bad industry practices, or creating informal presentations summarizing their small group activities. As the semester progressed, students tended to complete the small group work with their project team members unless otherwise directed by the instructor. The instructor led the class in a debriefing of the daily activities when time allowed. Students completed a brief feedback survey at the end of each class period.
Modules
While supervising 260 senior design teams over the past 20 years, one of the authors has observed consistent student weaknesses in several areas. Students have trouble defining the scope of their projects when working with industry clients. They have difficulties in writing requirements that are easily testable. They also have trouble writing meaningful test cases and documenting testing procedures. Their cost estimation and time management skills are frequently lacking. They do not always appreciate the role of good software quality management practices early in the product life cycle. Sometimes even when students can describe good industry practices (e.g. use of early technical reviews or frequent client communication) they do not always follow these practices. As candidate activities were developed for the new version of CIS 375, these problems were taken into consideration.
During 2016, active learning tools developed at Robert Morris University 19 to support their ENGR 3400 (Software Verification and Validation) course were examined and adapted for use in the UMD course CIS 375. The materials developed by RMU consisted of 44 delivery hours of active learning tools developed through an academic-industry partnership formed as part of a project funded by a NSF grant. These materials have been widely used by 35 programs around the country. Several additional activities were developed at UMD to cover CIS 375 topics outside the scope of ENGR 3400 as taught at RMU. The active learning modules adapted from RMU and those created for UMD by the instructor are listed in Table 2 . We attempted to have student-centered activities in every class period. Some activities were completed in 30 minutes and some required 50 minutes. Students often completed 2 or more activities in a single, 2-hour class period. A summary of the modules appears in this section.
Software Process Modules
The course introduction focused on four software process models (waterfall, prototyping, spiral, and scrum). After a brief introduction, student groups were asked to build a paper tower using the waterfall process model. They also completed an exercise, which required the use of incremental prototypes to complete a mission involving landing paper airplanes on a table. The students played a card game, which simulated the decision-making processes found in the scrum framework. Prior to playing the card game the class viewed and discussed a video titled "Scenes from Scrum" 19 which focused on dos and do nots for scrum teams.
Requirements Engineering Modules
The focus of the activities on requirements engineering was on gathering user stories from customers and transforming them to requirements that could be used by developers to create test cases and build a software product. A video case study showing the difficulties inherent in gathering requirements titled "Requirements Analysis Scenes" 19 was viewed and discussed in class. Activities allowed students to compare differences in functional and non-functional requirements, as well as appreciate the problems caused by implicit requirements if they are left unexplored.
The next unit focused on activities that had teams modeling the requirements of an ATM system from user stories and formal use cases. Students were introduced to both CRC cards and UML as requirements modeling tools. These activities were used to prepare teams of students to undertake the creation of the requirements document for a small commercial system (e.g. point of sale system (POS) or online music library) using the teaching assistants as simulated customers.
Students participated in a role-play during a formal inspection of a requirements document provided by the instructor. Prior to engaging in the role-play, students viewed and discussed video case study titled "Formal Inspection Scenes" 19 showing good and bad inspection practices.
Project Management Modules
Configuration management was covered after requirements management was discussed in class. Student groups created checklists for evaluating software configuration management systems and used them to evaluate existing tools.
Prior to writing a project management plan for their small commercial system, we introduced a set of activities where student groups estimated the time and cost of building a system based on the formal use cases from the ATM (automated teller machine) system developed as a running case study for this course. Student groups also developed a schedule for the ATM system, a risk table, and risk information sheets (RIS). The groups shared their estimates, schedules, and risk tables to allow discussion of possible refinements.
Software Design Modules
The term project for this course was the creation of a small web-based software engineering tool. Each team created a different tool (e.g., cost estimation using use cases or a risk table editor). The students were asked to take an agile approach to design and develop their tools. A design document and a test plan were developed initially and evolved as the implementation code was created. While teams were allowed to use any agile approach they wished, most teams used a variant of the scrum framework to manage this project. This was not too surprising since the scrum framework was the first agile approach they experienced in detail. The teams did not have an assigned scrum master to assist them. The teaching assistants played the role of customers or product owners.
Several active learning modules were used as the students were beginning their design work. Student groups were asked to propose and assess three candidate architectures for the ATM system. They shared their tradeoff analyses during a whole class discussion. Students used a usability questionnaire to assess quality of the campus homepage and propose suggestions to at least one problem area they uncovered. Student groups developed a set of requirements for the web site for a small clothing store whose owners wished to create a web store. The student groups traded requirements and created a paper prototype of the web site proposed by another group. A representative from another group reviewed their paper prototype and requested a new requirement be accommodated in the existing prototype.
Testing Modules
Testing was introduced in context of being part of the larger software quality assurance tasks. Task activities focused on the creation of test cases from stated requirements and user stories as well as working out strategies for cost effective testing, without minimizing test coverage. Students also had a chance to inspect and analyze a complete (but flawed) test plan, which led to interesting discussions.
The final activity on quality was a discussion that followed the viewing of a video case study titled "Security Inspection Scenes" 19 in which the developers failed to address a defect early in the development of a system because they failed to follow the agreed upon process for documenting code inspections or regression testing following defect repair. This lead to the company going out of business when the defect allowed a security breach, which exposed hospital patients' personal information.
Assessment
Traditionally, students in this class are required to complete two written examinations and four software engineering documents (software requirements specification, project management plan, software design document, and a test plan). Students also make oral presentations of these documents as they implement a team-based software development project. Each of these assignments is evaluated by rubrics designed by the instructor for each type of submission. Typically, these rubrics contain eight to ten criteria scored 1 to 5 for each. We continued to use these instruments as the primary means of assessing student learning in this course.
No statistical comparisons were made between student performance in the active learning delivery of the CIS 375 and a lecture-based delivery of CIS 375. However, informal comparisons of student data from the two such offerings of CIS 375 delivered by the instructor suggest that there were no differences in student test performance between the two groups. However, even an informal review of the project artifacts completed by the two groups of students suggests that the active learning teams produced documents which seemed to receive higher scores using similar grading rubrics. Three different instructors teach CIS 375 as a single course section three times a year at our institution, which make statistical comparisons between treatments difficult.
The students provided informal feedback on the active learning modules at the end of each class period. In addition, systematic feedback on the class and learning was attained in a formal midterm and end of term assessments. A mid-term assessment was conducted to evaluate student perceptions of the active learning elements of the class. Results of this assessment were shared with the professor so that changes could be made to instruction, and the structure of the class, to better meet the needs identified by students through the mid-term evaluation. Students were asked to complete a short survey rating the instructor and course on a variety of things. The assessment coordinator for this research administered the survey and the instructor was not present while the survey was taken. Students first completed the survey individually, then as a small group and finally as a whole class. The purpose of this progression was to give students a chance to initially share their individual thoughts and ratings of the course and instructor and then as small groups and then as a whole class to develop a shared assessment. Of the 36 students enrolled in the course, 34 completed the individual survey and likewise participated in the small group and whole class evaluation. Table 3 includes survey responses from individual students gathered at the midterm of the class. The survey did give students the option to reply "Strongly Disagree" for each statement but since none of the students choose that option for any of the prompts it was left out of the table.
As shown in Table 3 , most of the students agreed or strongly agreed that the instructor provided opportunities for active learning and the application of knowledge in class. This was reinforced through open-ended responses on the survey was well. Students were asked what things about the class made it easy for them to learn and 28 (82%) mentioned the in-class activities and hands-on learning opportunities provided in the class. This was reiterated in the small group feedback as well. After students completed the survey together they got into small groups of 3-4 students (9 groups in total) and completed the survey again collectively in their groups. The groups were in 100% agreement that the instructor provided opportunities to become actively involved and engaged with real-world applications of knowledge. Each of the groups listed the hands-on activities when asked what made it easy for them to learn in class. The uses effective examples or applications.
(15%) 16 (47%) 13 (38%)
The instructor answers questions clearly. 2 (6%) 13 (38%) 20 (59%) The instructor helps the students feel free to ask questions.
(26%)
25 (74%)
The instructor provided students with opportunities to become actively involved in their learning.
(3%) 4 (12%) 29 (85%)
The instructor facilitated the application of knowledge through relevant class activities 1 (3%) 3 (9%) 11 (32%) 19 (56%)
Students were also asked what changes could be made to the course to make learning easier for them. On the individual response surveys 23 (68%) mentioned they would appreciate having clearer instructions for the in-class activities and more time to complete them. There was unanimous consensus on this suggestion for improvement on the small group surveys as well. It seems clear that while the students enjoyed the activities and learned from them, they felt they needed more guidance and time to fully benefit from each hands-on experience.
Students were surveyed individually again at the end of the term. Several of the same questions from the midterm survey were used again in the end of term assessment to see if student opinions changed as they became more experienced with the subject matter. In addition, questions were added to get more specific feedback on the active learning component of the class. There were 27 students who completed the end of term survey. Table 4 shows that student opinions about the attempts the instructor made to create active learning opportunities in the class didn't vary from the midpoint of the term to the end of class. Most the class either agreed or strongly agreed with statements pertaining to the instructor's effectiveness in providing active learning opportunities through hands-on class activities. This is consistent with data collected during the midterm survey. In addition, 23 (85%) of the respondents felt this class was an effective example of active learning. The in-class activities were designed in a way that allowed me to directly apply what I was learning in class.
The instructor facilitated the application of knowledge through relevant class activities Students were also asked a variety of questions designed to rate how much time, on average, they felt was devoted to active learning each class period. Data in Table 5 shows that many students felt they had the opportunity to engage in active learning most of the time. This implies that the students' perceptions of time spent in active learning were in alignment with the instructor's goals when designing the course and associated activities.
Based on the survey responses collected both at the midterm and end of term, it appears that students recognized and appreciated the instructor's attempts to create active learning opportunities within the class. Students valued the chances they had to work in small groups and deal with real-world problems. However, these hands-on experiences might have been even more effective if more explicit instruction had been provided and if students were given enough time to fully complete the activities. 
Lessons Learned
Many of the lessons summarized here were captured in the daily survey for each set of class activities. The biggest lesson learned is that we need to reduce the number of modules and make some of them a little smaller in size if the work is to be completed in class. Students also require more detailed instructions in the modules and more guidance on preparing for each class period.
The student comments indicated that they enjoyed the case study activities and felt these activities helped in creating their term project deliverables. They also felt that sharing ideas and insights with other students during class discussions helped them learn. They enjoyed being able to apply the material covered in the textbook to solve typical work place problems.
Students appreciated the smaller modules for a variety of reasons. They felt these activities were more engaging than just listening to a lecture accompanied by slides. The students liked the redundancy that was built in the activities that often had them look at different facets of similar problems. Some students wrote that they felt the group work and subsequent presentation summaries helped them become more at ease when speaking in class.
We used the video case studies as trigger films to provide a context for class discussions. The students appreciated the irony and humor presented in the videos. In many ways, the video case studies showed why it is important to do things right the first time and the students thought that was a valuable lesson. By the end of the semester, they made many comments that indicated they understood the importance of quality as a guiding principle that should be pervasive throughout a software development organization.
Future Direction
We were encouraged by the enthusiasm that students exhibited while working with the active learning modules and look forward to continuing to develop this course content. We plan to follow the cohort of students from CIS 375 who took part in the active learning offering of this course as they complete their eight-month senior design projects over the next year. These students will either begin senior design in January and finish in August 2017 or begin it in May and finish in December 2017. Student teams are likely to contain students from both the lecture intensive and active learning offerings of CIS 375. Anecdotal comparisons of senior design students may be the only comparisons possible.
Experience from the fall 2016 course delivery of CIS 375 is being used to revise the next offering of this course and the corresponding active learning materials. We will revise the module instructions and address the completion time issues. The current plan is to make use of the modules in the summer 2017 and fall 2017 offerings of CIS 375. It would be nice to create or locate high quality software engineering videos, since they were so well received by the students. It may also be desirable to add some course elements to reward students for coming to class with the assigned readings completed.
